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Psj , Pseudopsin has been shown to be approximately conserved in nuclei. We investi- 

gate whether or not there is an advantage in using the pseudospin operators as well 
pq ■ as the spin operators in the description of the nucleon-nucleon interaction in effective 

field theory. We conclude that, indeed, there is an advantage. 
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Pseudospin symmetry is a relativistic symmetry of the Dirac Hamiltonian that occurs wheS 
the scalar and vector potentials are equal in magnitude and opposite in sign [l|. This 
condition approximately holds for the relativistic mean fields of nuclei 2j. Indeed, nuclear 
energy levels and transition rates are consistent with approximate pseudospin symmetry 
3|. However, the basic nuclear interaction between nucleons is expressed in terms of spin 
operators and not pseudospin operators. In particular effective field theory involves the 
expansion of the nucleon-nucleon interaction in powers of the momentum J] and pseudospin 
involves the intertwining of spin and momentum. In this paper we would like to explore if the 
inclusion of pseudospin operators in the nucleon-nucleon interaction is useful and instructive. 

Pseudospin symmetry is an SU(2) symmetry as is spin symmetry. The relativistic generators 



for the pseudospin algebra, Si{i = x,y,z), are 
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where Si = ai/2 are the usual spin generators, Uj the Pauli matrices, and Up = a ■ p is 
the momentum-helicity unitary operator [6], and pi = — is the unit three momentum of a 
single nucleon. The four by four nature of the generators results from the fact that they are 
relativistic generators. The generators for the non-relativistic pseudospin algebra are 



Si = Up Si Up = a ■ p Pi - Si 



(2) 



We note that, although the pseudospin generators depend on momentum, they depend on 
the unit vector of momentum and therefore are equivalent to spin as far as momentum power 
counting in effective field theory. 



These are the generators for a one particle system moving in a mean field. For a many 
nucleon system interacting, the pseudospin generators need to be translationally invariant. 
Therefore we use intrinsic momenta for the A nucleons, gj^„ = Pi^n ''^\ '' ; with n = 1 . . . A, 



For the two nucleon interaction, gj^i = ^''^~^''^ = —qi^2 = P, and hence the generators are 



Si,l = Oi-p pi- Sii, Sj,2 = Cr2-p pi- Si,2- (4) 

First we consider the pseudospin-pseudospin interaction 

Si • S2 = (CTI • P P - Si) • ((72 • P P - S2) = (Ti ■ p (J2 ■ p - (72 ■ p Si ■ p - (Ti ■ p S2 ■ p + Si ■ S2, (5) 

which leads to 

Sl- §2= Si- S2] (6) 

that is, the two are equivalent. This is consistent with the study of the nucleon-nucleon 
interaction 7|] in which it was shown that the pseudospin transformation on two nucleons 
does not change the spin. However, this does not mean they are equivalent because the 
mixing angle between states of different pseudo-orbtial angular momentum is different than 
the mixing angle between states of different orbital angular momentum, which comes about 
through other terms involving the pseudo-orbital angular momentum operator and the orbital 
angular momentum operator. 

Furthermore, from Eq.(j4l), the tensor interaction becomes 

CTi ■ p 0-2 • p = p^ [Si ■ S2 + Si ■ S2 + Si ■ S2 + Si ■ S2]. (7) 

That is, the tensor interaction is symmetrical in pseudospin and spin and it is an interaction 
between the spin and pseudospin, which is an interesting insight. 



Therefore the pseudospin interactions do not introduce additional interactions beyond th4 
spin interactions. 

We consider now interactions involving the pseudo-orbital angular momentum. The trans- 



formation from orbital angular momentum to the pseudo-orbital angular momentum is 



7| 



Li = ai-p a2-p Li ai-p a2-p (8) 

where the orbital angular momentum is Lj = iI2^ where r is the relative coordinate. The 
momentum does not commute with the orbital angular momentum as it does for spin and 
one obtains 

Li = Li + 2 Si-2 s -p Pi, (9) 

where Si = Si^i + Si^2 is the total spin. The two body pseudospin-pseudo-orbit interaction 
becomes 



s ■ L = —s ■ L + ai ■ p a2 ■ p + I — 2 s ■ s, (10) 

This means that this interaction can be written in terms of the two body spin-orbit interac- 
tion and the tensor interaction. On the other hand the pseudo-orbital angular momentum 
squared is 



L-L = L-L + 4:S-L-2 + 4:S-s-2ai-pa2-p (U) 

which means that the pseudo-orbital angular momentum squared can also be written in 
terms of the the orbital angular momentum squared, two body spin-orbit interaction and 
the tensor interaction. So the pseudospin and pseudo-orbital angular momentum do not 



introduce any new terms that are not already present with the spin and orbital angula§ 
momentum. 

However, using the pseudospin and pseudo-orbital angular momentum terms will help to 
elucidate the physics involved. In particular the tensor interaction breaks both orbital an- 
gular momentum and pseudo orbital angular momentum invariance whereas Si ■ S2 = 5i ■ §2 
conserve both. L ■ L conserves spin symmetry and orbital angular momentum. Furthermore 
the addition of s ■ L produces a spin dynamical symmetry, which means that the energy lev- 
els and phase shifts will depend on the orientation of the spin and angular momentum, but 
the eigenfunctions will conserve spin and orbital angular momentum and the mixing angles, 
which measure the mixing of the orbital angular momentum in nucleon-nucleon scattering, 
will be zero. Likewise L ■ L conserves pseudospin symmetry and pseudo-orbital angular mo- 
mentum. Furthermore the addition oi s ■ L produces a pseudospin dynamical symmetry. 
Since the tensor interaction can be written as 

(Ji ■p(J2-p = s-L + s-L — 1 + 2 s-s, (12) 

the suggestion is to eliminate the tensor interaction and to write the two-nucleon interaction 
in momentum space in the form 



V{p) = 

{ai^\p) + af\p).s^ ■ S2 + a^o\p)L ■ L + ai?J{p)L ■ L + afJip) s-L + a'^l{p)§ ■ L)ii^^ 

+ i4\p) + a^^\p)si ■ S2 + a^o\p)L ■ L + a^^J{p)L ■ L + a^^J{p) s-L + 4i(p)5 " ^)^^±t^, 

(13) 

where r are isospin Pauli matrices and we include the possibility that the coefficients a*-"^-* 

(T) (T) 

could depend on isospin, T = 0, 1. If the coefficients Oo , aso are much larger than the coeffi- 

(T) (T) 

cients Opo , apso then the orbital angular momentum will be approximately preserved whereas 



if the coefficients Opo , apsl are much larger than the coefficients Oo , aL then pseudo-orbitm 
angular momentum will be approximately preserved. 

In summary, we have shown that, with the introduction of the pseudospin and pseudo-orbital 
angular momentum operators, we have no need of the tensor interaction. Furthermore, with 
these new operators, the relative conservation of orbital angular momentum and pseudo- 
orbital angular momentum will be transparent. 
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